Frozen section analysis is an essential tool for assessing margins intra-operatively to assure complete resection. Many institutions evaluate surgical defect edge tissue provided by the surgeon after the main lesion has been removed. With the increasing use of transoral laser microsurgery, this method is becoming even more prevalent. We sought to evaluate error rates at our large academic institution and to see if sampling errors could be reduced by the simple method change of taking an additional third section on these specimens. All head and neck tumor resection cases from January 2005 through August 2008 with margins evaluated by frozen section were identified by database search. These cases were analyzed by cutting two levels during frozen section and a third permanent section later. All resection cases from August 2008 through July 2009 were identified as well. These were analyzed by cutting three levels during frozen section (the third a 'much deeper' level) and a fourth permanent section later. Error rates for both of these periods were determined. Errors were separated into sampling and interpretation types. There were 4976 total frozen section specimens from 848 patients. The overall error rate was 2.4% for all frozen sections where just two levels were evaluated and was 2.5% when three levels were evaluated (P ¼ 0.67). The sampling error rate was 1.6% for two-level sectioning and 1.2% for threelevel sectioning (P ¼ 0.42). However, when considering only the frozen section cases where tumor was ultimately identified (either at the time of frozen section or on permanent sections) the sampling error rate for two-level sectioning was 15.3 versus 7.4% for three-level sectioning. This difference was statistically significant (P ¼ 0.006). Cutting a single additional 'deeper' level at the time of frozen section identifies more tumor-bearing specimens and may reduce the number of sampling errors.
Negative margin status is an important predictor for local control and overall outcome in head and neck cancers. [1] [2] [3] Frozen section analysis is a useful tool for assessing margin status intra-operatively, allowing for additional resection during the initial surgery in case of positive margins. 4, 5 There is no standard method for frozen section sampling, but the most common method is for the surgeon to, after removal of the gross tumor, take small samples of tissue from the defect cavity and send them to pathology for evaluation. 6, 7 Other methods involve the surgeon sampling the margins directly from the main resection specimen or the pathologist receiving and sampling directly from it. These resection specimen margins may either be shave or radial sections taken from where the tumor is grossly closest to the margin. 6 Shave margins are those in which small pieces of tissue are sampled from the periphery of a resection. This is done when the margins are not thought to harbor tumor and certainly, at least, are not grossly noted to harbor tumor. They are a 'positive or negative' exercise in that the presence of any tumor, regardless of its amount or location in the tissue, indicates a positive margin. Radial margins, on the other hand, are those taken where one is purposely sampling the tumor and the leading edge of a resection perpendicularly in the same histologic section so that the margin can be seen, and the distance from the tumor to the margin observed. The defect sampling method (which is essentially a form of shave margin) is becoming increasingly common, particularly as a result of transoral laser microsurgery 8, 9 in which the tumor is removed in multiple pieces, leaving defect sampling as the major method to clearly assess margins.
There is no consensus on how to handle such specimens once received in the frozen section area. Cutting numerous sections of the tissue likely increases the sensitivity for finding small foci of tumor, but there must be a balance between marginally increased sensitivity and practical issues such as time involved and cost. To our knowledge, most centers simply cut two full hematoxylin and eosin sections per margin specimen with a possible third level cut at the pathologist's discretion. 10, 11 Error rates for frozen section margins are generally low, with reported frozen-permanent correlation rates as low as 96% and as high as 99%. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Correlation rates have been similarly high in studies that focused exclusively on head and neck cases, ranging from 96 to 98%. [10] [11] [12] [13] 15 However, there are few studies involving large academic centers. There is also little consensus on the best methodology for evaluating frozen sections or on ways to reduce errors. 20 Two types of errors occur during frozen section analysis on defect sampling margin specimens. The first is sampling error in which the levels of tissue examined during frozen section contain no tumor, but the permanent section performed later on the remaining tissue does. The second is interpretation error in which the tumor is present on the frozen section slide but is misdiagnosed by the pathologist or, less commonly, where no tumor is present but the pathologist diagnoses it as present.
We retrospectively studied 3.5 years of head and neck defect sampling margin frozen sections at our academic institution, which used two-level sectioning and compared these with one year of three-level sectioning. Our analysis was intended to establish our baseline error rates and to see if three-level sectioning could decrease these rates.
Materials and methods
This study was approved by the Human Research Protection Office of Washington University. The first goal of this study was to determine baseline head and neck margin frozen section error rates at our institution, Barnes-Jewish Hospital. All head and neck tumor resection cases from January 2005 through July 2008 were identified by a database search, which was specified to capture all specimens received from the Otolaryngology Head and Neck Surgery department but only those which had some form of intra-operative consultation. We included patients with any tumor type, whether benign or malignant or squamous or non-squamous for which margins were submitted for frozen section. The only head and neck anatomic subsites that were excluded were brain and spine. The cases came from 11 different head and neck surgeons and were all evaluated in our routine departmental manner. This included cases reviewed by all departmental faculty who cover the frozen section service (24 different surgical pathologists, most of whom are not specifically head and neck pathology specialists). Two slides (levels) were cut for each margin specimen and examined at the time of frozen section by the staffing resident(s) and fellow(s) and by the attending pathologist(s) (Figure 1 ). Beginning in August 2008, a third 'deep' level was cut on all frozen section head and neck margins (Figure 2 ). This was initiated in a joint pathology-clinical endeavor to reduce error rates. For both the twolevel and three-level periods, the remaining tissue was handled in the same manner, being fixed in formalin, and a single permanent slide cut following standard overnight tissue processing and paraffin embedding. Figure 1 Graphical representation of the two-level method. In this hypothetical example, the tumor is deep in the tissue and was missed when only two levels were taken. Figure 2 Graphical representation of the three-level method. In this hypothetical example, cutting an additional level during frozen section analysis allows the tiny focus of tumor to be identified intra-operatively where it would not have been if only two levels were taken.
Frozen section analysis of margins
The Copath reports on all resulting cases from this search were reviewed for the study. Sampling and interpretation errors were identified based on the reports noting them as one type of error or the other. If there was a discrepancy in the report between the frozen and permanent sections, but the reason was not specifically noted, the actual slides were reviewed by one study pathologist (JSL) to determine if the error was sampling or interpretation. All discrepancies between the presence or absence of tumor were captured. Discrepancies involving squamous dysplasia were considered errors and included only if they involved moderate or severe dysplasia. We did not consider discrepancies between diagnoses of negative and those of mild dysplasia as errors.
Squamous cell carcinoma cases were divided for analysis into different histologic types. Squamous cell carcinomas of the oropharynx were divided into keratinizing and non-keratinizing types as previously reported. 21 For this study, cases with hybrid features (or 'non-keratinizing squamous cell carcinoma with maturation') were combined with the strictly non-keratinizing type as both are almost always p16 positive and have similar outcomes. All non-oropharyngeal squamous cell carcinomas were of the keratinizing type or were specific variants of squamous cell carcinoma such as basaloid, verrucous, adenosquamous, papillary, or spindle cell carcinoma.
Statistical analysis was performed using twotailed Fisher's exact tests to compare categorical data.
Results
For the two-level sectioning period (43 months), there were 647 total cases, which included 3758 frozen section margin specimens. There were 90 errors (2.4% of all cases). In all, 60 of the errors (66%) were sampling errors for an overall sampling error rate of 1.6%. There were 30 interpretation errors (0.8%). No errors were made on bone marrow margins. These results are summarized in Table 1. For the three-level sectioning period (12 months), there were 204 total cases, which included 1218 total frozen sections. There were 31 errors (2.5%). This was almost identical to the two-level sectioning period (P ¼ 0.67). There were 15 sampling errors (1.2%). Although this was lower than the 1.6% rate of the two-level sectioning period, this difference was not statistically significant (P ¼ 0.42). The interpretation error rate was 1.3%, which was actually slightly higher than for the two-level sectioning period (0.8%), but this difference was not statistically significant (P ¼ 0.12). The errors for the entire study period are shown in Figure 3 .
The error rates can also be calculated as a percentage of the margins that were eventually shown to be positive (ie, only those where tumor was present on frozen section, permanent section, or both, and excluding those specimens where no tumor or dysplasia was identified). When calculated in this fashion, for the two-level period, there were 90 overall errors among 393 cases (22.9%), and for the three-level period, 31 errors among 204 cases (15.2%). This difference was statistically significant (P ¼ 0.03). This included 60 and 15 sampling errors (15.3 and 7.4%; P ¼ 0.006), respectively and 30 and 16 interpretation errors (7.6 and 7.8%; P ¼ 1.0), respectively.
Interestingly, 16.7% of the total frozen section margins were found to harbor tumor during the three-level period compared with only 10.5% during the two-level period. This difference was statistically significant (Po0.0001).
The results stratified by specific histologic subtypes of tumor are presented in Tables 1 and 2 . Total error rates were higher in non-keratinizing squamous cell carcinoma (3.0%) versus keratinizing squamous cell carcinoma (2.4%) although the difference was not statistically significant (P ¼ 0.67). There was also no statistically significant difference between total error rates in keratinizing squamous cell carcinoma versus other tumors (which includes all non-squamous cell tumors) (P ¼ 0.74). When examining the difference in error rates by tumor subtype, only keratinizing SCC showed a significant difference between the twolevel method (18.5% of positive margins showed sampling errors) and the three-level method (3.1% of positive margins showed sampling errors, Po0.0001). For non-keratinizing squamous cell carcinoma and the other tumors, the total error rate and sampling error rate remained similar and any differences were not statistically significant.
Our surgeons also sample bone marrow or cortex by burring/curettage for frozen section, and these specimens were included. Frozen section is performed as usual, although the material on the slides is typically small because of fragmentation from the calcified material. There were 61 such bone margins during the two-level period and 10 during the threelevel period. 9.9% of these had tumor in them. There were no errors among any of these specimens.
Discussion
One would speculate that 'the more you sample, the more you find,' and the goal of frozen section is just that-to find tumor in the specimen if it is present. We did more frequently find tumor in margin specimens with our three-level method, although the number of cases is admittedly modest. The sampling error rate was lower in the three-level period than in the two-level period, but this difference was not statistically significant when the errors were considered as a percentage of all frozen section margins (P ¼ 0.42). However, both the overall and sampling error rates were statistically significantly lower with the three-level method when considering them only as a percentage of tumor-bearing specimens (P ¼ 0.03 and P ¼ 0.006, respectively). Furthermore, a graph of the error rates by quarter over time does show a trend of error reduction even when errors are calculated as a percentage of all frozen sections (Figure 3 ). The interpretation error rate was, as would be expected, unchanged with this different method.
One could conceivably draw two different, and completely disparate, conclusions from our findings, however. One could conclude, as we do, that adding a third level does reduce sampling error rates. Sampling errors can only occur on specimens bearing tumor. It seems possible that this study did not find a statistically significant lowering of sampling errors when considering all specimens because the large pool of margin specimens that have no tumor in them dilutes out the pool of cases used in calculating the sampling error percentage. If one assumes that the cases in which no tumor was identified by frozen or by the permanent section are either completely (or even just predominantly) ones where no tumor was ever present in the tissue, then these are ones where no tumor could have been found by any method of sectioning. So, when we considered just the cases that had tumor in them, the reduction in sampling errors was statistically significant (P ¼ 0.0005) with three-level sectioning.
One could alternatively conclude that the difference in sampling error rates between the two periods is so modest that it justifies and, in a sense, validates, two-level sectioning as an adequate method for evaluating defect sampling-type frozen section specimens. This is not an unreasonable conclusion, either, in our opinion. Clearly, there is no practical way to eliminate sampling errors completely as this would require sectioning in all tissue, an untenable proposition in terms of both time and staff resource utilization.
In an attempt to better analyze the impact of our findings, we considered the following hypothetical analysis. If one considers that in the three-level period, there were one-third the number of the overall cases compared with the two-level period (1250 versus 3700), and there were 15 sampling During this period, three levels were obtained during frozen section. The first error percentage in parentheses is out of all frozen section margins, the second is out of positive margins only.
Frozen section analysis of margins errors versus 60 in the two-level period. So if you multiply the results of the three-level sectioning period by three, you should have 45 total sampling errors over a 3-year period. That means that you would have sectioned and read 3700 extra slides over a 3-year period and would have caught only 15 margins that would have otherwise been missed (would have had sampling errors). Put another way, that is about 15 patients spared an error out of a total of approximately 650 total patients, or approximately 1 in 40-50 patients. We looked at the clinical records of the 14 patients for whom sampling errors actually did occur during the three-level sectioning period, and four of these patients were taken back to the operating room for re-resection. If one also then assumes that 4 of the 15 patients for whom a sampling error was likely avoided in the three-level sectioning period were thus spared a re-operation, sizeable money would have been saved. Considering the surgeon, pathology, anesthesia, and operating room fees, and finally, hospital fees assuming a 23-h admission for the patients, we estimate this to be as much as 60 to 80 000$ (15 to 20 000$ per patient in billing). Is this actually cost effective overall, then?
We did not aim to specifically evaluate the cost effectiveness of our method change, but one could make a reasonable argument in either direction. One must also consider other reasons why we may have found more positive margins during the threelevel period, although we do not think any of these potential alternative possibilities explain our results. Rather than the method itself resulting in more positive margins, it may rather reflect some change in the surgeons' approaches, the makeup of the different surgeons operating over these periods, or perhaps a change in actual surgical methods. Recently, a greater number of surgeries are being performed using transoral laser microsurgery. It is possible that some aspect of this technique is resulting in a greater number of tumor-bearing margin specimens. For example, surgeons may be performing more focused surgeries such as by transoral laser microsurgery as opposed to wide resections (such as total laryngectomies), thus leading to a higher percentage of tumor-bearing margin specimens. This would not, however, explain the decrease in sampling error rates.
Other consequences of cutting an additional level must also be considered. Increased cost and increased turnaround time are both potential negative aspects of cutting an additional level. The increased cost is small as it includes only an additional slide, a small amount of additional staining reagent and some additional wear on the cryostat. As in our hypothetical cost analysis above, we do not think that the costs of additional slide preparation and reading would be more than those of the costs of surgery for the few patients who need reoperation because of sampling errors on their margins. Increased turnaround time is more difficult to quantify and, unfortunately, over the study period, we did not have the types of records necessary to accurately measure this. However, in our experience, the increased turnaround time was not significant enough to yield complaints from surgeons or staff, who, to the contrary, have commented in appreciation of the decrease in error rates. Head and neck surgical resections are complicated and time consuming with many needing lengthy postresection reconstruction so the addition of a small amount of time for a third level, in our opinion, does not impact the process to any significant degree. Our pathologists, initially somewhat hesitant, have found that having a third H&E slide means that there will be another chance at a good, full, lessor un-folded level to evaluate. It has decreased the need the frozen section team to go back to the cryostat to cut additional sections.
Another concern in using this method is that leveling through the tissue during frozen section analysis could result in small foci of tumor being 'left in the cryostat,' resulting in falsely negative margins. The results of this study argue against this phenomenon, however, as the rate of positive margins actually increased (from 10.5 to 16.7%-an approximately 60% increase). With our method, we are sampling the tissue with more total sections (four) than in previous years (three). If tumor foci were being missed, the positive margin rate should have decreased or at least been relatively similar.
Ours is the largest study of frozen section error rates with 4976 total frozen sections included. This is more than twice as many as that included in the previous largest study, 12 which also focused on head and neck cases. Overall, these results show that frozen section error rates at Barnes-Jewish Hospital compare very favorably with those previously published. Overall frozen section accuracy varies between 96 and 99%. In studies examining head and neck cases only, the accuracy varies from 96 to 98%. Some of these studies focused only on specific types of head and neck specimens, including laryngectomies, 10 and oral squamous cell carcinoma. 14 Others were similar to this study in that they included head and neck cases from all regions. 11, 12, 15 The latter studies included greater numbers of frozen sections (420-2210) than the former and showed error rates from all head and neck subsites. While our study only examined the accuracy of frozen section margins, other studies also included diagnostic specimens. 12, 15 Unfortunately, these latter studies did not separate out the margin specimens from the ones for tumor diagnosis so a true comparison between error rates cannot be made. Nevertheless, our overall accuracy of 97.5% compares favorably with any of these studies.
In summary, in a very large cohort of frozen sections, the addition of a third level during frozen section analysis reduced the sampling error rate by a modest degree. Although there may be some minor drawbacks in terms of turnaround time and reagent use, our analysis and experience suggest that the benefits to the patients and the potential for medical expenditure savings likely outweigh these issues.
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